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Potential Propulsion Options for SRL

e Evaluation based on delta-V need

* |If payload < 1200 kg conventional propulsion with parachute
 Heritage monopropellant
* Pressure fed throttleable bi-propellant

* |f payload >1200 kg Supersonic Retro Propulsion (SRP) , no
parachute

* Electrically Driven Pump Fed Propulsion (EDPF)
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Historical View of Monopropellant and Bi-propellant Propulsion Systems
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Specific Impulse (Isp) secs

Where is the SOA for Bi-propellant propulsion

Energetic Storable
Propellant

Pump Fed Storable
Propellant

326 secs

SOA Space Storable Pressure Fed Systems

Time (yrs)

SOA performance for Storable Bi-propellant Engines.
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EDPF Developments

Hydrazine

Hydrazine

NTO/MMH
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Pressure Fed , Regulated helium
pressurization and N engines (3500N class)
with throttle valves.

Pump Fed , regulated helium pressurization
and N engines (3500N) class)

Pressure Fed, Regulated helium
pressurization and N engines with throttle
valves

Pump Fed, regulated helium pressurization
and N engines

Cases considered in Study

Mon-30 EDPF

Examples of Ventions LLC EDPF development
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Logical Flow — Overall Program:

No Load User Profile

. —[ Input Data Manually? | — I_[ Optimize Solution? ]

Get User Input

Yes No
:[ e-Greedy Initialization Evaluate Rocket
Performance Through
NASA-CEARUN
Pressurant or Pump Size Fuel/Ox Tanks Estimate System Size Thruster ]
System? Pressure Drop
Pump | Pressurant
Size Pumps, Batteries, [ Size Pressurant & Tank ]
Pressurant & Tank
Size Additional
[ Component Masses ]_[ sum Masses ]
NO ("Has Optimizer Reached | Yesor (N/A)
| Terminating Condition? | |
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Logical Flow — Tank Subroutine:

¢

[ Pass ‘Propellant Mass Needed’ & O/F Values

Pass Ullage, Residuals,
and Line Holdup Values

Monoprop or Biprop? ]

Monoprop Biprop

Get Mass Fuel & Ox

[ Get Volume Fuel ] [ Get Volume Fuel & Ox ]

[ Pass Tank Length(s) & ]—[ Get Total PMD Mass (Fuel and/or Ox) ]——[ Size Vortex Suppressor(s) (Fuel and/or Ox) ]——[ Size Start Basket(s) (Fuel and/or Ox) ]

Head Ellipse Coefficient

[ Initialize Tank(s) Sizing ]—[ Tank(s) Meets Yield Requirement? ]<—[ Increment Radius ]

Yes No

[ Break While Loop ]

[ Tank(s) Meets LBB Requirement?

(

< | Increment Wall Thickness ]
No |

—f

Yes

[ Break While Loop ]—[ Get Tank Wall Mass(es) ]—[ Size Baffle(s) ]—[ Get Final Ullage Volume(s) ]—[ Sum All Tank Masses

[
[
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Logical Flow — Engine Subroutine:

. Pass Thruster Parameters Fualuate So.n.|c & Exit Initialize Mass Flow & Throat Area ]
Subroutine Start Velocities |

Has Mass Flow Converged? ]<——[ Increment Throat Area ]

No
Yes
Evaluate Equivalent Velocity, Burnout Mass, ; . .
a ¥ Estimate Thruster Size Thruster Nozzle Size Thruster Base
ISP & Check For Convergence Occunied Volume (M Bi ) (M Bi )
With CEA OrIssue Warning P ono or Bi-prop ono or Biprop
[ Size Throttle Valve (Mono or Bi-prop) ]—[ Size System Solenoid Valves (Mono or Bi-prop) ]—[ Evaluate Engine Mass ]

[ ]—[ Return Engine Thrust-Weight Ratio ]
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Optimization Choices

 Chamber pressure

* Nozzle Area Ratio
* O/F Ratio
e Cant Angle

* Num
* Num
* Num

pber of Engines
per of Ox Tanks

ner of Fuel Tanks

* Number of Pressurant Tanks



Predictions Versus Actuals*: -2 + 8 % difference across all four comparisons

® MSL @ FireSat (SMAD Test Case) @ FLTSATCOM @ Apollo Descent Stage —Perfect Agreement Line

Model [kg] - Log Scale

Reality [kg] - Log Scale
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Delta-V Versus System Mass:

Total Mass [kg]

Monoprop Pressure
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